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Polaris Validation

▪ Objectives
• Validate the SCALE-6.3.0/Polaris with the ENDF/B-VII.1 AMPX 56-group library 

through the benchmark calculations for critical experiments

• Assess the pin-to-box factor uncertainty

• Eigenvalues with the measured bucklings

▪ Code and library
• SCALE-6.3.0/Polaris 

• ENDF/B-VII.1 AMPX 56-group library

• VERA MPACT with the ENDF/B-VII.1 MPACT 51-group library

▪ Critical experiments
• CE critical experiments (5): #12, 43, 32, 53, 56

• B&W-1810 critical experiments (6): #1, 5, 12, 14, 18, 20

• KRITZ critical experiments (5): #1, 2, 3, 4, 5
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CE Critical Experiments
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B&W-1810 Critical Experiments
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KRITZ Critical Experiments
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Polaris Pin Power Uncertainty
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VERA-MPACT Pin Power Uncertainty
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SCALE-6.3.0/Polaris-PARCS v3.4.2 Validation

▪ Codes and Libraries
• SCALE-6.3.0/Polaris with the ENDF/B-VII.1 AMPX 56-group library

• GenPMAXS v6.3.1

• PARCS v3.4.2

▪ LWR benchmarks
• 2 PWRs with 5 cycles: Watt Bar 1 (3), BEAVRS (2)

• 2 BWRs with 6 cycles: Peach Bottom 2 (3), Hatch (3)

• At least 20 cycles for each LWR type
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PWR :: Watt Bar 1 Cycles 1-3
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PWR :: Watt Bar 1 Cycles 1-3

▪ Measured data
• Cycles 1-3: available for public through OECD/NEA UAM

• HZP physics test results, critical boron concentration, flux maps

• Cycles 4-12: available for CASL
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PWR :: Watt Bar 1 Cycles 1-3
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PWR :: Watt Bar 1 Cycles 1-3

▪ Needs to improve axial power shape
▪ Axial reflector models

▪ Inc-718 space grid model
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PWR :: BEAVRS Cycles 1-2
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PWR :: BEAVRS Cycles 1-2
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PWR :: BEAVRS Cycles 1-2
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PWR :: BEAVRS Cycles 1-2
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BWR :: Peach Bottom 2 Cycles 1-3
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BWR :: Peach Bottom 2 Cycles 1-3
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BWR :: Hatch 1 Cycles 1-3
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BWR :: Hatch 1 Cycles 1-3
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Discussion I

▪ Pending issues in Polaris

• Gamma smeared power form factors

▪ Pending issues in PARCS
• Instability of reload cycle calculation

• Unnecessary independent HZP fuel shuffling PARCS inputs

• Weird HZP results for reload cycles

 Need to have these issues resolved in Q3

• Limitation in the capability of discharging burnable poisons after cycle
• Tried to use non-BP cross sections, but the result is weird

• Micro depletion capability may resolve this issue

 Need to have this issue resolved in Q3

• No assembly rotation capability with quadrant dependent cross section sets
• 4-node capability in an assembly

 Need to have this issue resolved in Q3

• Too many branch cases
 Not urgent, but may need to have this issue resolved in Q3



2323

Discussion II

▪ More plants and more cycles
• Require more than 20 cycles for each reactor type

▪ Candidate PWRs and BWRs
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Conclusion

▪ This is on-going project.
• Final goal is to complete the following table for uncertainties.
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On-going and Future Works

▪ Calculation notes
• Detailed information for the Polaris and PARCS input preparation and input/output files

• Polaris validation through critical experiment benchmarks

• BEAVRS (reference format by Kim), WBN1, PB2, Hatch1

• Flux map and TIP comparison
• Fortran → Python: One program

• Graphical comparison

▪ Repository 
• Standard format for the measured data and database

• Update repository

▪ Additional benchmark calculations
• PWR

• SURRY: 3 cycles

• Turkey Point: 3 cycles

• SONGS Units 1, 2 and 3: 15 cycles

• BWR
• Quad Cities: 3 cycles

• Monticello: 3 cycles
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On-going and Future Works

▪ Micro Nodal Capability
• Polaris-GenPMAXS-PARCS micro nodal capability

• GenPMAXS and PARCS are almost ready

• Polaris is under improvement

▪ Enhance cross section functionalization
• Implement the Nuclear Vendor type approach

• Implementation in Q2 and test in Q3

▪ Verification for reflector XS generation and Enhancement
• Polaris-PARCS vs. VERA vs. CE-KENO

• 2D core
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